A key factor defining the birth of modern science in the Renaissance was the separation of objective, reproducible, scientific concepts from subjective considerations, such as beliefs and emotions. Over centuries, this separation proved a very useful way of maintaining high standards of objectivity for science as it rapidly advanced and broadened. As a side effect, emotions as such -unless they turn into psychiatric problemswere shunned as an object of investigation.
Only a very small number of researchers, for instance, are investigating the physiology of love and sexual desire, and their findings only get noticed once per year, in the week running up to Valentine's Day.
In recent years, however, as MRI scanners have become more widely available for nonmedical investigations, all kinds of emotional responses have become reasonable objects of hard scientific investigations. For instance, it is relatively straightforward to put volunteers into an MRI scanner and play some music with which they have an emotional connection.
Results from such studies made it clear that human emotions are not just fuzzy feelings but 'real' in an objective scientific sense, inasmuch as they produce measurable signals in reproducible experiments. While this shouldn't be entirely unexpected, it has given researchers in other fields the confidence to tie in emotions into their work, from medicine through to conservation science. Working as an archaeologist with the Valles Caldera Trust, Steffen calls the Caldera an "Archaic landscape", referring to the Archaic period of cultural history in that area, which lasted until the shift to agriculture around 2,000 years ago. Until then, hunter-gatherers used the area for over 8,000 years, and, Steffen says, this was the last time that humans lived with their environment in a sustainable fashion. Her archaeological studies focus on the traces humans left in the forests and the soils, and on their tools made from obsidian (a volcanic glass).
A sense of place
The Valles Caldera Trust aims to make the area a place where visitors
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can experience the landscape as people did in those Archaic times. Steffen often observes that people exposed to this landscape have a deep, emotional response, which she considers to be an instinctive, adaptive feature. Much like a coyote would instinctively identify a cave that feels right to raise a brood in, she claims, humans have such responses to rich landscapes that offer essential features like shelter, food and fresh water. One might call it "sense of place".
"Our 'aesthetic' appreciation of the grand landscape reveals the essential conditions humans need to thrive in safety: sufficient food and clean water, shelter, and vistas to detect danger. The emotional response to landscape beauty is not simply incidental to our survival; it is inherent in human adaptation," Steffen said.
For lack of a better word, people often use the word 'pristine' to describe what they see there, which is ironic as the landscape has suffered greatly from sins of the past, including overgrazing by herds of sheep kept there until the 1930s, and systematic deforestation in the 1960s and 70s. Moreover, by interrupting the natural cycles of forest fires and regeneration in the Traditionally, science is objective and thus separated from all our emotional responses to the world. But, as neurosciences can now describe physiological correlates of emotional states, researchers in other fields are beginning to view emotions as a biological reaction that they can use in many different areas, from medicine to conservation. Michael Gross reports.
Can science relate to our emotions? Thus, in visiting this landscape, people can both appreciate it in the "Archaic" way and learn about the modern threats to nature produced by unsustainable human activities. "I consider the significance of Archaic landscapes for understanding ourselves as humans and exploring what a sustainable human adaptation looks like," Steffen concluded.
Nik Sawe, a graduate student in Stanford University's Emmett Interdisciplinary Program in Environment and Resources, studies the impact of natural landscapes on the brain alongside neuro-economist Brian Knutson. "My work aims to see how people respond to, value, and are motivated to protect what we call 'iconic' landscapes -natural places that are archetypal, highly recognizable, and offer some sense of inspiration," Sawe explains. "We find that these places are highly correlated with what psychologists refer to as 'positive arousal' -in essence, strong positive emotions. Our fMRI work is in its early days, but we see that in some subjects, iconic places activate the same reward circuitry that responds to some of the most primally positive stimuli in life: good food and drink, sex, money, and so on."
In explaining how we relate to nature, this work may also provide benefits for conservation. "We're exploring how people respond to protect these iconic landscapes when they're under threat of developmental land uses, and see how negative emotions toward the land use result in increased support and donation toward these natural landscapes," Sawe says.
Beside the seaside
Like Steffen is interested in our instinctive connection with the landscape, Nichols wonders why we do like to be beside the seaside, and whether the appeal of open water can be used to further the cause of wildlife conservation.
Nichols described how he came to study ecology due to an emotional connection he felt while catching snapping turtles in the Chesapeake Bay in his childhood and from visits to the Pacific coast in Baja California as a biology student. At the time, the black turtle (also known as the East Pacific green turtle Chelonia mydas) was on the brink of extinction, so most experts considered his project a lost cause. Moreover, most funding agencies wouldn't consider his childhood affection for the species and personal connection with sea turtle hunters a valid argument in favour of a research grant. However, the Earthwatch Institute did provide funding at that point and sent many volunteers to help with the conservation and community outreach work over the years.
It took a generation span of engaging with the people living along the coastline to turn sea turtle hunters and egg collectors into conservationists. In a cultural shift that Nichols calls "generational conservation", parents are now teaching their children to look after the iconic animals the way they first learned about conservation as children 20 years ago, when the sea turtles were almost lost.
"Extended engagement with sea turtles helps build an emotional connection, which fuels the project. This is critical, because without it we'll never have the funding for the environment we dream of," Nichols said.
Two decades into his effort, the results show that the approach has worked. "The 2012-2013 black turtle nesting season has just concluded and our colleagues in Michoacan, Mexico report the highest numbers of nesting black turtle since 1978," Nichols reported. There are now more than 4,000 nesting females.
"We're barely halfway to our goal, but we have momentum and a Sea view: Humans tend to enjoy looking across water, an affection that is measurable in economic terms. Epidemiology also suggests that it is a healthy choice to spend time by the seaside. (Photo: iStockphoto.) massively dedicated team going in to the second half." Remaining threats include risk of bycatch and the ever growing abundance of plastic waste in the oceans (Curr. Biol. (2013), 23, 135-137) . Sea turtles can mistake a floating plastic bag for a jellyfish and try to eat it.
Beyond the compassion for marine species threatened by human activities, Nichols is also interested in the wider issue of our emotional links to the oceans. At an economic level, our attraction to the sea is easy to quantify, as there is no shortage of data showing how much money people pay in order to spend their holidays by the seaside, and how much more they are willing to pay for a room with a sea view.
The geographic distribution of population density also suggests a preference for seaside living, with 23 of the 30 largest cities sited on the coast. Moreover, recent research using census data from England shows that self-reported health and wellbeing is better for people living near the coast (Health & Place (2012 ), 18, 1198 -1201 .
Looking out on the vast blue sea, Nichols suggested, is an antidote to our hectic, technology-driven lifestyles, an idea explored in the conference series Blue Mind, the fourth instalment of which will take place in Cornwall, in the southwest of England, next year. Beyond ecosystem services, Nichols concluded, the oceans also provide us with cognitive services, offering us calm and relaxation as well as opportunities for introspection and insight.
Conservation science and policy, according to Nichols, should plug into this positive, relaxed thinking, emphasising how the oceans and nature in general make us feel good, rather than focusing only on threats and scares, which can fuel fear and anxiety. In this spirit, he offered the attendants a blue marble each, representing our blue ocean planet as it is seen from space.
Hard and soft
Medicine is an area where hard science and soft spiritual views have been competing for a long time, but rarely working together. Hardcore defenders of evidence-based medicine tend to reject all alternative approaches on the grounds that their effects are no better than placebo.
What they fail to mention, however, is that the placebo effect can offer a patient real help, based on mobilising their body's defences. After all, this physical reality is the reason why all clinical trials have to be placebocontrolled. In some cases, in the absence of a real cure, placebo may well be the best option, even though it opens up some ethical dilemmas regarding what placebo providers should or should not tell their patients.
Again, modern imaging methods can help to bring phenomena long dismissed as make-believe by scientists into the scientific fold. Britta Hölzel at Massachusetts General Hospital, USA, with colleagues in the USA and Germany, has used MRI to investigate the effects of meditation on the known neurological symptoms of generalised anxiety disorder (GAD).
Patients with GAD have deficits in emotion regulation, resulting in negative reactions to and decreased understanding of emotions. Neurological findings have implicated the amygdala and the prefrontal cortex in these symptoms.
In a randomised trial, Hölzel and colleagues used a meditation-based programme known as mindfulnessbased stress reduction (MBSR) versus a stress management education (SME) programme on both GAD patients and a healthy control group and studied the neurological effects using MRI (NeuroImage: Clinical (2013), 2, 448-458).
The researchers found that the amygdala responses to happy or angry faces was indistinguishable between GAD patients and the control group, but that neutral faces elicited a stronger response in participants with GAD. This, in line with earlier findings, is interpreted as a reaction to the ambiguity of neutral faces. The authors conclude that the "observation lends evidence to the 'intolerance of uncertainty' model of GAD, which posits that patients are particularly uncomfortable with stimuli in which the meaning is unclear." Similarly, psychologists have found that GAD patients find ambiguous-sounding words and sentences more threatening than people unaffected by the condition.
Comparing the test results before and after intervention, the researchers find that the abnormal activity of the right amygdala was reduced after both the MBSR and the SME programme. For lack of a no-treatment control, they cannot exclude the possibility that this reduction may simply be due to habituation to the test conditions. However, in two other parameters tested, they have shown that the MBSR has a stronger effect than the SME treatment, in line with the results of a parallel clinical study (J. Clin. Psychiatry (2013) Meditative minds: MRI studies are revealing that the perceived effect of alternative treatments like meditation can be linked to neural observables. (Photo: iStockphoto.) doi: 10.4088/JCP.12m08083). Thus, the meditation proved efficient in the activation of the ventrolateral pre-frontal cortex and in increasing the connectivity between amygdala and pre-frontal cortex. Both these neurological changes are believed to be beneficial for the reduction of GAD symptoms.
Such findings demonstrating that soft healing approaches like meditation can be backed up by hard evidence might help to reconcile the warring factions of mainstream and alternative medicine.
Good vibrations
Like meditation, music can also contribute to health and well-being for many people, and the scientific study of its effects on the brain is only just beginning. Mona Lisa Chanda and Daniel Levitin from McGill University at Montreal, Canada, have recently reviewed what is known about the neurochemical basis for musical feelgood factors so far (Trends Cogn. Sci. (2013) 17, 179-192) .
Specifically, they report that music has been found to influence the reward system (mediated by dopamine and opioids), stress and arousal (cortisol and other hormones), immunity (serotonin and other substances), and social connectedness (oxytocin).
There have been a few studies of the effects of music on the reward system, suggesting that it can induce the body to release opioids. One study found that the self-reported musical pleasures could be blocked with the opiate antagonist naloxone. However, Chanda and Levitin admonish that the studies existing so far are insufficient in their design (e.g. lack of controls) and call for more research in this direction. A newer study published in April 2013 showed that activity in the nucleus accumbens monitored while participants listened to a piece for the first time was the best predictor for the value they would assign to it in an auction scenario (Science (2013) 340, 216-219) .
Many people use relaxing music to fight stress, and there have also been some studies of its usefulness in post-operative situations. Some studies found beneficial effects while others gave inconclusive results. Systematic problems include the use of self-selected music, where the expectations and emotions linked to particular pieces may be mixed up with the effect of music as such, and the difficulty in establishing appropriate control experiments.
Several studies have found that recreational music making, more than passive listening to music, can influence the immune system and ward off its deterioration with age and stress. Specifically, several studies have looked into the benefits of group drumming circles, although the reviewers again find that not all non-musical aspects of the activity were covered by control experiments. Other researchers have investigated group singing and found changes in the antibody concentrations in saliva samples. The reviewers conclude that these results, "though promising, are still preliminary and warrant more careful follow-up studies that control for effects of extraneous variables."
As music can serve to communicate emotions, one would expect it to affect hormones linked to emotional attachment, namely vasopressin and oxytocin. Studies in 'singing mice' and hamsters suggest that such a connection may indeed exist. However, Chanda and Levitin report that connections between vasopressin and music haven't been studied in humans yet, and the effects of oxytocin are difficult to assess as the hormone concentration cannot be measured in the living brain and it is unclear how meaningful peripheral concentrations really are. In one study, serum oxytocin of patients recovering from heart surgery was found to be higher in patients exposed to relaxing music. However, like the other musical connections mentioned, this aspect needs to be explored more systematically.
The picture that emerges from such studies is that the things that move or soothe our emotional minds generally have some physical basis that is still insufficiently explored, and often also can serve to improve our health and well-being in ways that are still underappreciated. All in all, it appears that researchers interested in hard scientific results no longer have to shut out everything to do with emotions.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk 
Vertebrate versus invertebrate neural circuits

Paul Katz
Georgia State University, Atlanta, Georgia, USA I don't see this as a singular 'divide'. There are many ways to divide a field; one could also ask whether insights gained from studying the cerebellum are applicable to the hippocampus. It is clear that the insights about lateral inhibition obtained by Hartline's study of horseshoe crab photoreceptors are applicable to all sensory systems; it is equally clear that T. Graham Brown's insights about the nature of half-center oscillators, which were gained by studying cat locomotion, are important for understanding any central pattern generator. In order to understand the fundamental organizational principles of neural circuits, it is essential that we compare them. If you study how a neural circuit works in only one species, you cannot separate its evolutionary history from its current utility. Which of its properties are functionally significant, which are holdovers that all members of its clade have, and which are constraints imposed by development or evolutionary history? Identifying features of neural circuit features that evolved independently provides the most powerful proof of their functional role.
